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The information contained in this chapter pertains to current operational reactor designs. Advanced
reactor designs are provided in separate chapters.

3.0 COMBUSTION ENGINEERING PLANT DESCRIPTION
3.0.1 Introduction

This chapter provides a basic introduction to the Combustion Engineering (CE) technology
by discussing the major differences between a Westinghouse design and a CE design. The
first part of the discussion will be about the mechanical systems, specifically the reactor
coolant system, the steam generator, the emergency core cooling systems, the control
element assembly, and the control element drive mechanism. The second part will discuss
plant protection and monitoring systems.

3.0.2 Mechanical Systems
3.0.2.1 Reactor Coolant System

The Reactor Coolant System (RCS) consists of two heat transport loops, each of which has
two reactor coolant pumps and one steam generator. The reactor coolant exits the reactor
vessel and is transported through hot leg (Ty) piping to the steam generators. The reactor
coolant leaves the steam generator through two cold legs (T.), each containing a reactor
coolant pump. In each loop, the coolant is returned to the reactor vessel.

Figure 3.0-1 shows an elevation view of the RCS. Figure 3.0-2 shows a plan view of the
system. The hot leg piping is 42” in diameter, and the cold leg piping is 30”. The RCS is
designed to 2500 psia, with normal operating pressure around 2250 psia. T,,4 at 100%
power is 583°F.

3.0.2.2 Steam Generator

The CE steam generators are vertical, inverted, U-tube, tube and shell heat exchangers
similar to the Westinghouse design. Each of the two steam generators in a CE plant are
much larger than those in a four loop Westinghouse plant with the same rated electrical

output. Each CE steam generator has 8,400 tubes providing 86,000 square feet of heat
transfer area. Figure 3.0-3 shows the design features of a CE steam generator.

3.0.2.3 Emergency Core Cooling Systems

The emergency core cooling systems (Figure 3.0-4) consist of the High Head Injection
System (HPSI), the Low Head Injection System (LPSI), and the Safety Injection Tanks
(SITs).

The high head injection system consists of two trains. Borated water is taken from the
refueling water storage tank during the injection phase or from the containment sump during
the recirculation phase and pumped to the cold legs through motor operated valves. The
HPSI pumps have a discharge pressure of 1600 psig. Three non-safety related positive
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displacement pumps in the chemical and volume control system provide normal makeup to
the RCS. These pumps charge water from boric acid makeup tanks into the RCS during an
accident, but since they are non-safety related, this flow is not taken credit for in the FSAR
accident analysis.

The low pressure injection system, or shutdown cooling system, consists of two trains.
Water is taken from the refueling water storage tank during the injection phase. The LPSI
pumps have a discharge pressure of 150 psig. The LPSI pumps are capable of taking a
suction from the recirculation sump, but the HPSI system is designed to perform the
recirculation function. When the LPSI system is aligned for shutdown cooling, the LPSI
pump takes a suction on the RCS hot leg and discharges the water through the shutdown
cooling heat exchangers to the RCS cold legs. Note that the shutdown cooling heat
exchangers are normally aligned in the containment spray flowpath.

There are four safety injection tanks, one on each cold leg. The SITs are filled with borated
water and pressurized with nitrogen. The normal pressure in the tanks is approximately 600

psig.
3.0.2.4 Control Element Assembly and Drive Mechanism

A CE control element assembly (CEA) has a spider and hub design with five fingers which
are nearly one inch in diameter and consist of boron carbide pellets. A CEA is shown in
Figure 3.0-5. The control element drive mechanism is a magnetic jack design (Figure 3.0-
6), except five coils are used instead of three. A control element drive mechanism control
system (CEDMCS) is used to automatically or manually move the CEAs.

3.0.3 Plant Protection and Monitoring Systems
3.0.3.1 Reactor Protection System

A simplified CE Reactor Protection System (RPS) is shown in Figure 3.0-7. CE uses
separate instruments for protection and control. If one of the protection channel parameters
exceeds its trip value, the associated bistable will trip. This will deenergize the trip relay in
that channel. The six logic matrices consist of a series-parallel contact network (Figure 3.0-
8) and are used to determine whether the two- out-of-four coincidence trip logic has been
satisfied.

When a logic matrix determines that the trip coincidence is satisfied, the associated logic
matrix relays deenergize, opening the associated trip path contacts. When these contacts
open, all circuit breaker control relays deenergize and all reactor trip circuit breakers open.
Eight reactor trip circuit breakers are in the circuit between the motor generator sets and the
CEDM coils. One pair of breakers on each side must open for the CEAs to trip into the core.

The engineered safety features actuation system operation is very similar to the RPS
described above.
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3.0.3.2 Core Protection Calculators

Core protection calculators (CPC) (Figure 3.0-9) have been added to the newer CE plants
to generate reactor trip signals based upon local power density and DNBR, which prevents
these limits from being exceeded during anticipated operational occurrences. The CPC is a
digital computer that continuously calculates a conservative value of plant local power
density and DNBR using safety channel inputs from RCS flow, RCS pressure, RCS
temperatures, reactor power, and flux distribution.

3.0.3.3 Core Operating Limits Supervisory System

The core operating limits supervisory system (COLSS) (Figure 3.0-10) is a plant computer
program which provides comprehensive and continuously updated information. The
program consists of on-line power distribution, DNBR correlation, calorimetric power, and
maximum linear power generation rate calculations. When the COLSS is operable, the
plant Technical Specifications allows the plant to operated closer to the kw/ft and DNBR
limits.

3.0.4 Summary

This chapter discussed the major differences between a Westinghouse design plant and a
Combustion Engineering design plant. The CE plant has two reactor coolant loops, each of
which has two reactor coolant pumps and one steam generator.

The emergency core cooling systems in a CE plant consist of a high pressure injection
system which is also used for the recirculation phase, a low pressure injection system which
is also used for shutdown cooling, and four safety injection tanks.

The CE reactor protection system uses a two- out-of-four coincidence logic for reactor trips
and engineered safety features actuations. The core protection calculator and the core
operating limits supervisory system allows the plant to operate closer to the kw/ft and DNBR
safety limits.

Rev 0408 3-6 USNRC HRTD



STEAM
GENERATOR
11

STEAM
GENERATOR
12

FEEDWATER
PRESSURIZER INLET
REACTOR REACTOR
COOLANT COOLANT
PUMP PUMP
ECCS
/_\INJEGTIDN
4 O
COLD LEG
REACTOR —T
VESSEL
Figure 3.0-1, Reactor Coolant System - Elevation View
Rev 0707 37 USNRC HRTD



1A 12A

H. H

/_ SURGE NOZZLE

STEAM REACTOR [f " STEAM

GEHEFFAT{]H”] VESSEL | /GENERATOR
12

.---;- ﬁ---

118 128

i —3 13

FLOW DIRECTION FIELD WELD

Figure 3.0-2, Reactor Coolant System - Plan View

Rev 0707 3-8 USNRC HRTD



STEAM

OUTLET
DEFLECTOR
STEAM 126 STEAM
DRUM DRYERS
166 STEAM 32 STEAM
SEPARATORS _—— DRYER DRAINS
SECONDARY B
MANWAY (2) INSTRUMENT
0 ggg [— "
NORMAL I iy I RECIRCULATION
RISER WATER =1 1N ] SUMP
LEVEL _ RECIRCULATION
SUMP DRAINS
AUXILIARY
FEEDWATER ~—_ MAIN FEEDWATER
NOZZLE T MOZZLE
MAIN FEED RING
TUBE \
WRAPPER INSTRUMENT
NOZZLE
<] BATWING
EVAPORATOR
(TUBE BUNDLE) i
EGG CRATE
SUPPORTS
I VERTICLE
U-TUBES
SECONDARY
HANDHOLE (2) -
T~ BOTTOM BLOWDOWN
" & DRAIN NOZZLE
TUBESHEET
HOT LEG / T COLDLEG
INLET OUTLET {2)

Figure 3.0-3, Steam Generator Secondary Side

Rev 0707

USNRC HRTD



[
—_|—

o -
Lo

ﬁ-E}__ LPSI 11
LPSI
== I—@—

AUX HPSI 9

e B
b

AN
—_|—

- MAIN HPSI 2

Lo

LLELN BELLES

Tﬂ.
ik

LO — [sc}—
1 LPSI 12 -
YA VA
g
CONTAINMENT §[“
SUMP :
S 9o
.-._‘ L |
T l

Rev 0707 3-10 USNRC HRTD



N SPIDER WITH
NUMERICAL
= IDENTIF ICATIOMN
-] \ ]
i %
I A I N I
| l\\. o |
| |% |
BN e SPRING
|0 |
| |
| It‘ 11
|1 |1
[ |1
11 11
| lf,? |
SPRING RETAINER
S e
e
- T P
S
T e HOLDDOWN SPRING
e
T PLENUM
b b
/A STAINLESS STEEL SPACER
|y |-
F=] P
B4C PELLETS
124~
B4C
. AITF 13.4- T
o BaC o — SPACER
8" SILVER-INDIUM-CADMIUM
— — SPACER
e M

Figure 3.0-5, Full Length CEA

Rev 0707 3-11 USNRC HRTD



REED SWITCH

ACTUATING
MAGMNET

LIFT COIL

DRIVING
LATCHES

DRIVE
SHAFT

HOLDING
LATCHES

REACTOR
NOZZLE
CONNECTION

||
1|

UPPER
EXTENSION
SHAFT

___—OPERATING
RCD

I ELECTRICAL
CONDUIT

DRIVING
LATCH
COIL

LOAD
I TRAMSFER
COIL

HOLDING

T

p LATCH
colL

E"‘“—-PRESSURE

HOUSING

Figure 3.0-6, Control Element Drive Mechanism

Rev 0707

3-12

USNRC HRTD



MEASUREMENT CHANNELS I.

BPUTS FROM NESS 123458748810

A CHANNELS

BISTABLES

1234568748810

1 i

1234568748 910

C CHAMMNELS

i

1

2345878 910

i
D CHANNELS

LOGIC MATRICES | A.B LOGIC AL LOGIC

C-DLOGIC

EEQ#EC—'J%B.’M %'E[H{'EDQ%EDG {l'ﬂ[:d %'C-[H %C-DQ#CDG%'CN

TO 120 WAC WITAL

RELAYS v{k.ﬁm ql‘.r.az -{'Aaa v"kﬁ.m ql'.wm {'.w:z %A-::a -:,55’.-::4 ql'.ﬁm i".r.nz -ql'.hne ﬁl'.ﬂ\[:d ql' BC1
T 120 VAC VITAL TO120 VAC VITAL
430 VG - 3 430 VAC - 3@
INSTRUMENT BLUS NO. 1 INSTRUMENT BUSNO. 2 0 w3 ] e -2
AB1 aE2 AB3
TRIP PATHS A Az AN CIRCUT A3
AD1 ADz e AD3
BC1 BC2 BC3
B BD2 BD3
oo coz (o'
TRIP CIRCUIT BREAKER
controLreLavs  Hel [BSR K2 |S5R
N MOTOR NOLZ
GENERATOR
BPUTS FROM NSSS S5R = SOLID STATE RELAYS 5
MEASUREMENT CHANMELS = OVAC .38
1. POWWER LEVEL
2 RATE OF CHANGE OF POWER
s rocTon oo o (e} f
4 STEAM GEMERATOR WATER LEVELS (= (=
5 STEAM GENERATOR PRESSURES | i Vé
& PRESSURTER PRESSURE -
7. THERMAL MARGIN
4 LOSS OF LOAD MANUAL
o contammentprEssure  oewet A f Lo Lo 4= b
10, AXIAL POWER DISTRIBUTION
125 VDC BUS NO. 1 TR
CIRCUT
BREAKERS
[TTTRTI (o
TRIP NO. 2 {:]_ _________________ R
f.nE1 /l;:%
INDIVIDUAL CEDM | |CEDM CONTROL| | mDMIDUAL CEDM
CEDM POWER SUPPLIES POWER SUPPLIES SYSTEM POWER SUPPLES
CONTROL ELEMENT cEDM | |cEDM | | cEDM ceom | | ceom | | cEDm
DRIVE MECHANISMS cons | |cows| |cons cols | |cos | |cons

INETRUMENT BUSND. 3

K3 BSR|

+125VDC BUS MO, 3

Figure 3.0-7, Simplified Reactor Protection System

TOA 20 WAL VITAL
INSTRUMENT BUSNO. 4

ABd
A4
Al
B4
B4

4 BsR]

NOTE: RELAYS
SHOWN ENERGIZED

#1253 VDC BUS NOL4

Rev 0707

3-13

USNRC HRTD



PS5
DC
POWER
SUPPLY

ﬁ w ol 4WW4 il Bl B W m
T T TR T T T T T T No—
M LA
T o
| Tealaleelaleall: |
FOOOOOOOOOE 7

P5-5
DC
POWWER,
SUPPLY

PS&
DC
PCVVER
SUPPLY

PS-8
DC
PCAWER
SUPPLY

MATR SHOWHWITH

POWER TRIF (A 1-1) TRIFFED

e

" 'I B1-1

Ht

| —=[=— |}
L A

1-1
|

*
ﬁﬁ.
ﬂﬁ.
i
B
i
Y

A A
|BI|BI|B||B|IB|IB Inn_||nn_||nn_
LI I VI I AV Y
T E T TR T T R TR T TR
4.1 4] 1] 41 1l ] 1] 41 ]

o i o o e
Lr Lr br v L L Ly v 1]
a2l a|l | alal e

T | | < | < | < | < | T

AB-4

AB-3

M

P55
DC
PCWER
SUPPLY

P55
DC
POWER
SUPPLY

1 B
x
0 X Xt Xt Xt X X Xl X —
| ll8ld|3]a|5]5|al8[z |2
| e S
e L
| Telalslslals]z]als]2 _
OO0
-
ST —

MATRIX SHOWHN ENERGIZED
{NCT TRIPPED) CONDITION

MA TRIX SHOWMN DEE NERG [ZED
(TRIFFED) COMDITION
PCAWER TRIP {A1-1 AND B 1-1)

Figure 3.0-8, Coincidence Logic Matrix AB

USNRC HRTD

3-14

Rev 0707



AZIMUTHAL

CEAC1 CEACZ2

TILT COMSTANT l l
HOT FIN
RADIAL
CALCULATICN
FEAKING
TABLE LFD
* AX¥IAL
LOCKUP Ao SETPOINT
CALCULATIONS I
cea LOCAL POWER I/"\I TRIF
POSITIONS L o f SR
CALCULATION '\__/' l TO PPS
i SHAPE ROD PO
@2 7| ANNEALING [ SHADOWING CALIBRATION WMARGIN
CORRECTIONS CORRECTIONS COMETANT WMETER
‘ ] (@1 + @2+ @3) -
TEMPERATURE ONER
SHADOWING  — E CALCULATION
Lo CORRECTIONS
SELECT —
HIEH
SELECT COOLANT
QUALITY
—=| CALCULATION DHER
SETPOINT
Te
Teo —- ar HIGH
Trn POWE R BELECT DHER TRIP
Tz CALCULATION UPDATE ™ CUTPUT
— I—- TOPRS
DNER
CALIBRATION DE';';’;‘T,{;"PEISTSOF MARGIN
PUMF SPEEDS CONSTANT METER
ROP A —
RCP B —= RCS
RCP ¢ — FLOW
ROp O ——=| CALCULATICN CALIBRATION » ELOW
COMNSTANT at [ PROJECTED |-
DHER
PRESSURIZER
PRESSLRE
Figure 3.0-9, CPC Software Block Diagram
Rev 0707 3-15 USNRC HRTD



FW TEFERATURE
EW ELOWY

STEAM FLOW

SLEANM PREESSURE

TURBINE FIRST
S[ACEPRESSURE

THOT

TCoLD

ECPSPEED

ECP HEAD

PRESSURIZER PRESS

CEA POSITION

INCORE FLUX

SENSOR
VALIDITY

CHECKS

SECONDARY
CALORIMETRIC
POWER
AUTOMATIC ALARM/DISPLAY
CALIBRATION
OF TURBINE
TURBINE POWER AND
— ALPONER 10 [ comparison
CALORIMETRIC
REACTOR POWER
COOLANT
DTPOWER |-
-
COOLANT CORE POWER
FLOW RATE LIMIT BASED
[ ON DNER
I
FUEL PIN AND
COOLANT N
CHANMEL
LANAR RADIALS CORE POWER
LIMIT BASED
NORMALIZED OM LOCAL SELECTION OF
AXIAL POWER POWER CORE POWER
DISTRIBUTION DENSITY LIMIT
AZIMUTHAL
TILT
LICENSED
MAGNITUDE SOER
_ AUDIBLE LIMIT
ALARM

Figure 3.0-10, Core Operating Limits Supervisory System Block Diagram

Rev 0707

3-16

USNRC HRTD




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


